The diagnostic yield of different electrophysiological criteria was examined to establish whether a peroneal palsy was due to compression of the nerve in the region of the capitulum fibulae. Slowing of sensory conduction along the segment of the nerve across the capitulum fibulae localized the lesion in 64% of 47 consecutive patients with a history indicating or suggesting compression of the nerve in the vicinity of the capitulum fibulae and there were no false positive findings in 18 patients whose peroneal palsy was not due to compression at the capitulum fibulae. In 20% of the patients with slowing along the segment across the capitulum, conduction velocity was normal when measured from the superior retinaculum to the popliteal fossa. Slowing along motor fibres (m. extensor digitorum brevis) localized the site of the lesion in one-third of the patients. Differences in amplitude and in split-up of the sensory responses recorded in the popliteal fossa as compared with those recorded distal to the capitulum fibulae were of limited diagnostic value because of many false positive findings among patients whose peroneal palsy was not due to compression of the nerve at the capitulum fibulae.
Though doubt often arises with respect to the site of the lesion in peroneal palsy, only few attempts are reported in the literature to localize the lesion by electrophysiological methods. Gilliatt et al. (1961) found in four patients slowing and diminished amplitudes of mixed nerve action potentials evoked at the ankle and recorded at the neck of the fibula. Gassel and Trojaborg (1964) interpreted the slower velocity in motor fibres to the extensor digitorum brevis along the segment of the nerve in the leg as compared with that along the nerve in the thigh to indicate a lesion of the peroneal nerve in the vicinity of the capitulum fibulae. Behse and Buchthal (1971) determined sensory and motor conduction along a 10 cm length of the peroneal nerve across the capitulum fibulae and compared them with the velocity in the segment distal to the capitulum fibulae along the leg. This procedure permits a lesion at the capitulum to be localized with greater precision, and mild involve- ' On leave from the All-India Institute of Medical Sciences, New Delhi, India, working with a fellowship from the Danish International Development Agency. 1202 ment can be recognized by excluding the stretch of nerve which usually is less affected or normal. The diagnostic yield can be increased by examining motor and sensory fibres separately. The same procedure has previously been applied to localize a lesion of the ulnar nerve in the cubital sulcus (Payan, 1969) , of the radial nerve proximal to the elbow (Trojaborg, 1970) , and ofthe median nerve at the wrist (Buchthal and Rosenfalck, 1971a ; Buchthal et al., 1974) . To obtain the best possible resolution of the small sensory potentials and to define the site of recording and stimulation as accurately as possible needle electrodes were placed near the nerve.
The purpose of the study presented in this report was to evaluate the diagnostic yield of electrophysiological procedures and criteria available to localize a lesion of the peroneal nerve in the region of the capitulum fibulae. For this purpose, findings were compared in consecutive patients with peroneal palsy due to or presumably due to compression of the nerve at the capitulum fibulae with findings in patients in whom there was evidence that the perone al palsy was due to other causes. FIG. 1. Placement of near-nerve (0) and remote (0) electrodes for measurement of motor and sensory conduction. Sensory: S, stimulus to medial branch of superficialperoneal nerve at superior extensor retinaculum. Recording from sensory fibres of superficial peroneal nerve 2 cm distal to capitulum fibulae (R1) and in the popliteal fossa (R2). Motor: stimulus to common peroneal nerve in popliteal fossa (S1), and 2 cm distal to the capitulum fibulae (S2); to deep peroneal nerve at ankle (S3). Recording from m. tibialis anterior, m. peroneus longus, and m. extensor digitorum brevis. METHOD SENSORY CONDUCTION The procedure employed to study conduction along the superficial peroneal nerve has been described (Behse and Buchthal, 1971) . In brief:
Stimulation Rectangular current pulses of 8-12 mA, 0-2 ms in duration, were applied via needle electrodes to the nerve at the superior extensor retinaculum (Fig. 1) . In normal nerve this current strength is 10 to 20 times the threshold of the sensory potential. Absence of an action potential of the extensor digitorum brevis muscle ascertained that the stimulus was confined to the superficial peroneal nerve.
Recording Sensory potentials were recorded via a needle electrode (3 mm bared tip) placed near the nerve, 1-2 cm distal to the capitulum fibulae and another at a distance of at least 9 5 and at most 11 5 cm proximal to the capitulum fibulae measured on the fully extended leg. The remote electrode was placed at a transverse distance of 3-4 cm at the level of the near-nerve electrode (Fig. 1) . At both sites of recording the electrode was adjusted near the peroneal nerve using the threshold of the potential evoked in the long peroneal muscle as a gauge (stimulus current < 0-8 mA). Five hundred to 1,000 sensory responses were averaged electronically together with a calibration signal; 0 03 ,V could be identified; to obtain the same resolution at different latencies (40-60 Hts per point) a delay of 3-10 ms was used between stimulus and sampling (Buchthal and Rosenfalck, 1966, 1971b) . The maximum sensory conduction velocity was calculated from the latency to the first positive peak of the sensory potential. The velocity from the point distal to the capitulum fibulae to the popliteal fossa was calculated from the difference in latencies recorded at the two sites. The amplitude of the potential was measured peak-topeak.
MOTOR CONDUCTION The near-nerve electrodes placed in the popliteal fossa and distal to the capitulum fibulae were used to stimulate motor nerve fibres (Fig. 1) . In addition, electrodes were placed near the deep peroneal nerve at the ankle. The stimulating current was 6-10 mA (0 2 m/s in duration), five to 10 times the threshold of the muscle action potential. Muscle action potentials were recorded via concentric needle electrodes placed in the endplate zone of the anterior tibial, long peroneal, and extensor digitorum brevis muscles. Amplitudes were measured peak-to-peak, and latencies to the onset of the initial deflection of the muscle action potential. Latencies from the point distal to the capitulum fibulae to the anterior tibial and long peroneal muscle were compared with latencies obtained in normal nerve at the same distance of conduction. The latency from ankle to the extensor digitorum brevis muscle was corrected to a standard distance of 9 cm by means of the velocity along the nerve from distal to the capitulum fibulae to ankle (Wagner and Buchthal, 1972) . AGE Findings in sensory and motor nerves in patients were compared with those in normal nerves matched for age.
ABBREVIATIONS Velocity distal to the capitulum fibulae denotes the sensory velocity from retinaculum superior to 2 cm distal to the capitulum fibulae and the motor velocity from 2 cm distal to the capitulum fibulae to ankle (Fig. 1) . Velocity across denotes the sensory and motor velocity in the segment of the nerve between 2 cm distal to the capitulum fibulae and fossa poplitea (Fig. 1 (Buchthal, 1957 evidence that the peroneal palsy was due to causes other than local compression at the capitulum fibulae. The filled symbols indicate evidence of systemic neuropathy. The bars at the symbols denote that the conduction velocity across was normal (within the 95/0 confidence limit).
sensory fibres localized to the segment of the nerve ' across' were then: 1. The velocity across the capitulum fibulae was slowed to below the normal range and the velocity along the segment distal to the capitulum fibulae was within the normal range (95°4 confidence limit).
2. The conduction velocity across the capitulum fibulae was slower than that distal to it by more than 10 m/s, though both values were within the normal range or the velocity was slightly slowed distal to the capitulum fibulae.
SENSORY CONDUCTION IN PERONEAL PALSY
Patients ofgroups I and II In 38 of 47 patients (81%), with a history that indicated or suggested compression of the nerve in the region of the capitulum fibulae, localized slowing manifested itself in three ways: (1) slowing across and normal conduction velocity distal to the capitulum fibulae (30 patients, Figs 2, 3); (2) conduction velocity across more than 10 m/s slower than distal but within the normal range (four patients , Fig. 4) ; (3) slowing along both segments but more severe across than distal (difference > 10 m/s, four patients, Fig. 2) .
Slowing localized to the segment across may remain hidden, when conduction velocity is determined only from the superior retinaculum to the popliteal fossa, since this portion of the nerve contains a large stretch with normal conduction. In 10 patients conduction velocity from retinaculum to the popliteal fossa was normal, although it was slowed across (six patients) or the velocity across was more than 10 m/s slower than distal to the capitulum fibulae.
Slowing along the segment distal to the capitulum fibulae was due to loss of fast conducting nerve fibres, as indicated by the linear In nine patients the lesion could not be localized: in five slowing was as pronounced distal to the capitulum fibulae as across, in one patient sensory conduction was normal; in three the action potential in the popliteal fossa could not be distinguished from noise.
Sensory slowing was as pronounced three weeks as 40 weeks after the onset of signs and symptoms. It tended to be less in patients studied after one year or later. (Fig. 7) . The amplitude was however a poor indicator of the site of the lesion: only 15% of the potentials recorded distally were at least 2-5 times greater than potentials recorded in the popliteal fossa.
In patients of group III, in whom compression in the region of the capitulum fibulae was unlikely, amplitudes of the sensory potentials were usually normal. In four patients the amplitude was diminished proximal as well as distal to the capitulum fibulae.
In three patients the amplitude of the sensory potential was diminished in the popliteal fossa but not distal to the capitulum fibulae. However, in one patient the difference in amplitude was probably due to inaccurate placement of the recording electrode, because the long peroneal muscle, ordinarily used to position the electrode, was completely denervated. In the two other patients the diminished amplitude might, in fact, indicate block of conduction of sensory fibres at the level of the capitulum fibulae. This is, however, unlikely because there was no other electrophysiological evidence of a lesion of the nerve at the level of the capitulum fibulae, and because there was evidence of root compression (L4, surgically verified) in one and of mononeuritis multiplex in the other patient.
Shape of sensory potentials An increase in temporal dispersion of the potential recorded in the popliteal fossa as compared with that recorded distally was evaluated only when amplitudes were 0 1 ,±V or greater. When amplitudes were lower, so many fibres had ceased to conduct that an increase in temporal dispersion may remain hidden in noise.
In 80% of the nerves of patients from groups I and lI the potentials recorded in the popliteal fossa were dispersed to more than six components, as compared with 10% in normal nerves (Fig. 8) normal nerve. In three of the five patients in whom the lesion could not be localized because of uniform slowing and of equally low amplitudes at both sites of recording, a potential with 10 to 12 components recorded in the popliteal fossa and a normal shape of the potential recorded distal to the capitulum fibulae pointed to a localized lesion.
In patients of group III, one-third of sensory potentials were dispersed to more components than normal both proximal and distal to the capitulum fibulae.
MOTOR CONDUCTION ACROSS AND DISTAL TO
CAPITULUM FIBULAE Patients of groups I and II In one-quarter of the patients of group I and half of the patients of group II a potential could not be evoked in the extensor digitorum brevis muscle. In nine of the remaining 18 patients of group I and in five of 12 patients of group II slowing across and normal velocity along the segment of nerve distal to the capitulum fibulae localized the affection to the region of the capitulum (Figs 2, 4) . Four patients of each group showed uniform slowing along the nerve. In three patients conduction along both segments was slowed but was more than 10 m/s slower across the capitulum fibulae. Thus, motor conduction across the capitulum fibulae localized the lesion in one-third of 47 patients. In two patients with slowing of conduction across the capitulum fibulae, conduction velocity from the popliteal fossa to ankle was normal. Localized slowing along motor fibres occurred irrespective of whether the palsy was mild or 9 ) and symptoms and slowing along motor fibres across the capitulum fibulae, three had slowing of conduction along sensory fibres as well; in one patient sensory conduction velocity was borderline but 11 m/s slower across than distal to the capitulum fibulae.
Patients of group III In 14 of 18 patients, in whom compression of the nerve in the region of the capitulum fibulae was unlikely, motor conduction velocity could be determined with the action potential of the extensor digitorum brevis muscle as gauge. In nine, conduction was normal and in five it was as slow across as distal to the capitulum fibulae. Conduction across the capitulum fibulae to the anterior tibial and long peroneal muscles was normal in 16 and slowed in two patients. The slowing was associated with prolonged distal latency. Thus, in none of the patients was there evidence of localized slowing in motor fibres.
AMPLITUDE OF RESPONSE EVOKED IN EXTENSOR
DIGITORUM BREVIS MUSCLE A four times lower amplitude of the potential evoked by stimulation in the popliteal fossa than by stimulation distal to the capitulum fibulae indicated a localized lesion in six of 32 nerves from patients of groups I and II. A difference of this order was never found in the 14 patients of group III or in 31 normal subjects.
LATENCY FROM ANKLE TO EXTENSOR DIGITORUM BREVIS MUSCLE A prolonged latency was found in 10 of 36 nerves of the patients of groups I and II and in five of 14 nerves of patients of group III. The increase in latency was moderate (usually less than 50%. above the average of normal) and compatible with loss of fast conducting fibres.
ELECTROMYOGRAPHIC FINDINGS Abnormalities were similar in the patients of the three groups, except that voluntary activity was more apt to be absent in muscles of the patients of groups I and II than of group III (Table) . Thus, the electromyographic findings gave no clue as to whether or not the peroneal palsy was due to local compression in the region of the capitulum fibulae. Clinically and electromyographically the extensor digitorum muscle was the most severely involved. It was completely denervated in one-quarter of the muscles of groups I (Thage, 1965) ; and one-third of affected muscles do not show evidence of partial denervation-that is, fibrillation potentials and positive sharp waves (Buchthal, 1957) .
In (Payan, 1969) and in the carpal tunnel syndrome (Buchthal and Rosenfalck, 1971a The localizing value of slowing of conduction and of changes in sensory and motor responses is shown in Fig. 10 (hatched areas) . Slowing of sensory conduction velocity across the capitulum fibulae with normal conduction velocity distal to capitulum fibulae gave the best diagnostic yield. Two-thirds of the patients with a history indicating or suggesting local compression at the capitulum fibulae exhibited this change, a criterion with no 'false positive' findings, since none of the patients of group III, without history or evidence of local compression, showed it (Fig. 10, middle) . In one of the 33 normal subjects sensory conduction velocity was just outside the 9500 confidence limit (Fig. 10,   right) .
Slowing across combined with normal conduction velocity distal to the capitulum fibulae was probably due to demyelination or incomplete remyelination in the region of the capitulum fibulae causing retardation in conduction or localized block of the fastest fibres or both. That the potential recorded distal to the capitulum fibulae was markedly diminished in two-thirds of the nerves examined indicates that there was, in addition, degeneration of many nerve fibres. Among these were the fastest conducting fibres as seen from the slight decrease in conduction velocity associated with a marked decrease in amplitude (Fig. 5) .
The diagnostic yield of slowing across the capitulum fibulae along motor fibres (m. extensor digitorum brevis) was only half that of slowing along sensory fibres. With the long peroneal or anterior tibial muscle as a gauge the diagnostic yield was apparently as good as slowing of sensory conduction. In fact, this criterion was less valuable than it seemed for reasons stated on p. 1210.
An increase in temporal dispersion proximal as compared with distal to the site of compression was observed in half the patients of groups I and II. It was of little diagnostic help because of similar findings in patients of group III.
Increased temporal dispersion and block of nerve fibres in the region of the capitulum fibulae should render the amplitude recorded in the fossa poplitea lower than that recorded distal to the capitulum fibulae. In fact, this criterion was of little diagnostic value because it was absent in many patients of group I and II, probably because the recording electrode was at some distance from sensory fibres. They are often located in a separate branch of the nerve at varying distance from motor fibres whose threshold was used to place the electrode near the nerve. This may also explain why the amplitude of the sensory potential was diminished in the popliteal fossa and normal distal to the capitulum fibulae in three patients of group III, although there was no other clinical or electrophysiological indication of a lesion of the peroneal nerve at the level of the capitulum fibulae.
In only 2000 of the patients of groups I and II was the muscle action potential evoked in the extensor digitorum brevis muscle by a stimulus distal to the capitulum fibulae significantly larger than the response evoked by stimulation in the popliteal fossa.
In 23 of 24 patients of group II, in whom the history suggested compression of the peroneal nerve at the capitulum fibulae as the cause of the palsy, studies of sensory and motor conduction confirmed this suspicion. One patient had an alcoholic neuropathy with uniform slowing along all segments of the peroneal nerve.
The cumulative diagnostic yield of the different electrophysiological criteria to localize com-pression of capitulum fibulae is shown in Fig. 10 . The sequence in which the criteria were listed was chosen from their incidence in patients of group lII. Thus, motor conduction velocity across the capitulum fibulae (criterion 2) was slowed in 4%0 of the patients whose lesion was not localized by local slowing of sensory conduction (criterion 1) bringing the diagnostic yield from 64% to 68% of the patients. Criterion 3 (Fig. 10 , motor response at least four times greater when the stimulus was applied distal to the capitulum fibulae than proximal to it) localized the lesion in an additional 2% of the patients whose lesion was not localized by slowing in conduction across the capitulum fibulae along sensory and motor fibres; and so forth. The last three criteria in Fig. 10 are of doubtful diagnostic value because they gave many false positive findings in patients of group III.
In four of the 47 patients the site of compression could not be localized: one patient had normal motor and sensory conduction throughout. He was examined five weeks after the onset of signs and symptoms when the paresis had recovered markedly. In three patients damage was so severe that a sensory potential could not be distinguished from noise and motor conduction could not localize the lesion.
Recently, Lovelace et al. (1973) reported recording of sensory potentials from the superficial peroneal nerve via surface electrodes using electronic averaging of 400 responses. In these recordings the amplitude of the potentials in normal nerve was one half of that which we have found by using a near-nerve electrode. Thus, if we had used surface electrodes we would have failed to detect a response in 30%0 of our patients with peroneal palsy localized to the region of the capitulum fibulae.
